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Why Focus on Laboratories?

Laboratories are energy intensive.
– On a square foot basis, labs often consume ten 

times as much energy as a typical office building.

Most existing labs can reduce energy use by 30%  
or more with existing technology.
Reducing laboratory energy use will significantly 
reduce greenhouse gas emissions.
Energy cost savings possible from U.S. labs may 
be as much as $2.4 billion annually.
Labs are typically not speculative buildings—
informed owners are more likely to invest with 
lifecycle costs in mind. 



Whole Building
Design Approach
for Laboratories

Optimize overall 
laboratory performance 
through integrated 
design and engineering 
with a life-cycle cost 
perspective.
Avoid the traditional 
approach of optimizing 
components based on 
narrowly defined 
functions.
Consider benefits of 
sustainability. 



Sustainability – Beyond Energy

Water conservation and recovery

Building materials reduction, reuse, and recycling

Health and safety risk management

Innovations in chemical management

Building for flexibility in design



Laboratories for the 21st Century –
Labs21 Basics

Adopt aggressive low-energy design and 
operation targets.
Assess opportunities from a “whole buildings” 
approach.
Use life-cycle cost decision-making.
Commission equipment and controls.
Employ a broad range of sustainable energy and 
water efficiency strategies.
Measure energy and water consumption and track 
emission reductions.



Laboratories for the 21st Century –
Labs21 Basics…

Evaluate on-site power generation, combined heat and 
power technologies, and renewable power purchases.
Specify “green” construction materials.
Promote energy and water efficiency operation and 
training efforts.
Explore sustainable design opportunities beyond the 
building site.
– For example, campus-wide utility or mass transit projects.



What is the Labs21 Program?

A joint EPA/DOE program to improve the 
environmental performance of U.S. laboratories.

The goal of the program is to encourage the 
design, construction, and operation of sustainable, 
high-performance, facilities that will:
– Minimize overall environmental impacts.
– Protect occupant safety.
– Optimize whole building efficiency on a life-cycle basis.



Labs21 Program Components

Pilot Partnership Program
– Draws together lab owners and operators committed to 

implementing high performance lab design.

Training Program
– Includes annual technical conference, training 

workshops, and other peer review opportunities.

Best Practices and Tool Kit
– An Internet-accessible compendium of case studies and 

other information on lab design and operation, building 
on the Design Guide for Energy Efficient Research 
Laboratories developed by Lawrence Berkeley National 
Laboratory, and more...



Partnership Program

Private-Sector Partners
Bristol-Myers Squibb
Carnegie Mellon University
Duke University 
Harvard University
Raytheon Company
University of California-Merced 
University of Hawaii
University of North Carolina-Asheville
Wyeth-Ayerst Pharmaceuticals 
New York City School Construction Authority

Federal partners:
Lawrence Berkeley National Laboratory
National Renewable Energy Laboratory
National Oceanic & Atmospheric Administration
Sandia National Laboratories 
U.S. Environmental Protection Agency 



Labs21 Training Program
Workshop Course Topics

Architecture of High-Performance Laboratories

Engineering and Energy-Efficient Lab Design

Air Supply and Distribution Systems

Laboratory Exhaust Systems

Commissioning and Direct Digital Controls

Lighting and Daylighting

Sustainability and Green-Design Techniques

Case Studies 

Resources and Tools



Labs21 Best Practices
Environmental Performance Criteria (EPC)
Based on US Green Building Council’s LEED™ Rating System

Materials and Resources
Hazardous Materials Handling
Chemical Resource Management

Indoor Environmental Quality
Laboratory Ventilation
Exterior Door Notification System
Controllability of Systems
Indoor Environmental Safety

Innovation and Design Process

Sustainable Sites
Safety and Risk Management

Water Efficiency 
Laboratory Equipment Water Use
Process Water Efficiency

Energy and Atmosphere
Minimum Energy Performance
Minimum Ventilation Requirements
Optimize Energy Efficiency
Renewable Energy
Energy Supply Efficiency
Improved Laboratory Equipment Efficiency
Right-Sizing Laboratory Equipment Load



Labs21 Tool Kit



Recapping…

Benefits of the Labs21 Approach

Reduce operating costs.

Improve environmental quality.

Expand capacity.

Increase health, safety, and worker productivity.

Improve maintenance and reliability.

Enhance community relations.

Maintain recruitment and retention of scientists.



Sustainable Design 
Process using the 
Labs21 Toolkit



Tools and Process

Sustainable design process
– Seamlessly integrates sustainability into the 

decision-making process
– Team-based approach

The Labs21 toolkit is an interlinked set of tools 
that can effectively support a sustainable design 
process

The toolkit does not prescribe a fixed process 

Tools are interlinked but can be used 
independently if desired.



Labs21 Tool Kit



The Toolkit

Overview resources
– Intro to Low-Energy Design
– Labs21 Video 

Core information resources
– A Design Guide for Energy-Efficient Research Labs, Ver. 4.0
– Best Practice Guides (New Guide)

– Case Studies (New Studies)

– Energy Benchmarking

Design process tools
– Labs21 Process Manual (New Release)

– Design Intent Tool, Version 1.1
– Environmental Performance Criteria 

Two Sources: Toolkit CD, Labs21 website



Overview resources

Intro to Low-Energy Design



College of Engineering, Rowan University

Overview resources

Labs21 Video

“Labs embody the spirit, 
culture, and economy of 
our age…what the 
cathedral was to the 14th 
century and the office 
building was to the 20th 
century, the laboratory is 
to the 21st century.”

Don Prowler



Core information resources

Design Guide for Energy-Efficient Laboratories

A searchable, detailed 
reference on high-performance, 
low-energy lab design and 
operation

4-level hierarchy – from 
general to specific
– Level 1: Major topics

• E.g. Exhaust Systems

– Level 2: Sub topics
• E.g. VAV fumehoods

– Level 3: Components
• E.g. VAV fumehood face 

velocity control

– Level 4: 
Background/Supporting 
information

• E.g. Fume Hood Face Velocity 
Response Time



Core information resources

Design Guide for Labs - Contents

Chapter 1: Introduction
Chapter 2: Architectural Programming
Chapter 3: Right Sizing 
Chapter 4:  Direct Digital Control Systems
Chapter 5:  Supply Systems
Chapter 6:  Exhaust Systems
Chapter 7:  Distribution Systems
Chapter 8:  Filtration Systems
Chapter 9:  Lighting Systems
Chapter 10:  Commissioning



Core information resources

Best Practice Guides

Describes how to implement a 
strategy, with implementation 
examples

Completed guides:
– Daylighting in Laboratories
– Energy Recovery
– On-Site Combined Heat and 

Power

Several in development
– Labs21 seeking contributing 

authors



Core information resources

Case Studies

Sandia National Laboratories 
PETL 

National Institutes of Health 
Building 50 

Fred Hutchinson Cancer 
Research Center 

Georgia Public Health Laboratory 

U.S. EPA National Vehicle and 
Fuel Emissions Lab 

Pharmacia Building Q

Nidus Center

Bren Hall

All case studies have whole-
building and system level energy 
use data



Core information resources

Energy Benchmarking Tool

National database of lab energy use data
– Web-based input and analysis
– About 40 facilities

Why benchmark during design?
– See where you stand
– Set targets 

• Building level (e.g. Site BTU/sf)
• System level (e.g. W/cfm)



Core information resources
Benchmarking Metrics

Peak W/sf
Effectiveness (Ideal/Actual)

kWh/sf-yr (total elec)
BTU/sf-yr (site)
BTU/sf-yr (source)
Utility $/sf-yr

Aggregate

Peak W/sfBTU/sf-yrHeating

Peak W/sfkWh/sf-yrProcess/Plug

Peak W/sfkWh/sf-yrLighting

Peak W/sf
Peak sf/ton

kWh/sf-yrCooling

Peak W/cfm
Peak cfm/sf (lab)
Avg cfm/peak cfm

kWh/sf-yrVentilation

Energy DemandEnergy ConsumptionSystem



Core information resources

Labs21 Benchmarking Tool – Data Input



Core information resources

Labs21 Benchmarking Tool – Analysis



Design process tools

Purpose: Design process 
guidance

Action items for each 
stage of design process
– Links to appropriate tools 

and resources

Checklist of sustainable 
design strategies
– Portal to core information 

resources
– Useful for design 

charrettes

Access at Labs21 web site 
or Tool Kit CD

Process Manual 



Design process tools

Design Intent Tool

Purpose: Documentation of 
Design Intent
– Structured approach to 

recording sustainable 
design strategies, metrics

– Database tool – MS Access
– Automated report 

generation

Benefits
– Allows owners and users to 

verify that design intent is 
being met.

– Gives commissioning 
agents, facility operators, 
and future renovators an 
understanding of how the 
building systems are 
intended to operate.



Design process tools

Environmental Performance Criteria (EPC)

A rating system for evaluating 
laboratory design
– Builds on the LEED™ rating 

system
– Adds credits and prerequisites 

pertaining to labs
• Health & safety issues
• Fume hood energy use
• Plug loads

Represents Labs21 perspective 
on sustainability criteria
– Public domain document
– Labs21 does not provide 

certification process
– Useful for design charrettes



End of Session


	Laboratories for the 21st Century –       An Overview
	Why Focus on Laboratories?
	Whole BuildingDesign Approachfor Laboratories
	Sustainability – Beyond Energy
	Laboratories for the 21st Century – Labs21 Basics
	Laboratories for the 21st Century – Labs21 Basics…
	What is the Labs21 Program?
	Labs21 Program Components
	Partnership Program
	Labs21 Training Program
	Labs21 Best PracticesEnvironmental Performance Criteria (EPC)Based on US Green Building Council’s LEED™ Rating System
	Labs21 Tool Kit
	Benefits of the Labs21 Approach
	Sustainable Design Process using the Labs21 Toolkit
	Tools and Process
	Labs21 Tool Kit
	The Toolkit
	Intro to Low-Energy Design
	Labs21 Video
	Design Guide for Energy-Efficient Laboratories
	Design Guide for Labs - Contents
	Best Practice Guides
	Case Studies
	Energy Benchmarking Tool
	Benchmarking Metrics
	Labs21 Benchmarking Tool – Data Input
	Labs21 Benchmarking Tool – Analysis
	Process Manual
	Design Intent Tool
	Environmental Performance Criteria (EPC)
	End of Session

